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Abstract
The time-of-ﬂight (TOF) small-angle neutron scattering (SANS) diﬀractometer is one of the ﬁrst instruments to be built
at the Compact Pulsed Hadron Source (CPHS) of Tsinghua University. It requires a 1 × 1 m2 area detector to cover
the designed Q-range without moving the detector. We contemplate an array of 1D linear position-sensitive detectors
(LPSDs) of 3He gas proportional counters. Each LPSD will have a cylindrical geometry with an active length of 1 m
and a diameter of 12 mm. We describe the in-house fabrication of the ﬁrst LPSDs and the preliminary testing of their
performance.
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1. Introduction
Position sensitive detectors play an important role in neutron scattering experiments. For small an-
gle neutron scattering (SANS) instruments, the most commonly used detectors are multi-wire proportional
chamber (MWPC) and arrays of linear position-sensitive detectors (LPSDs). Compared to the MWPC,
LPSDs are easier to fabricate and maintain, and are more reliable and stable during operation.
The time-of-ﬂight (TOF) SANS diﬀractometer is one of the ﬁrst instruments to be built at CPHS [1]. A
position-sensitive detector bank of 1 × 1 m2 area is needed to cover the scattering angles up to about 10 ◦.
We choose an array of LPSDs of 3He gas proportional counters each of which has an active length of 1 m
and a diameter of 12 mm. Our goal is to obtain the LPDSs from a domestic manufacturer and to develop the
associated electronics and data acquisition system at Tsinghua University. The assembled detector array will
be installed on the SANS instrument. Through a cooperation with a domestic manufacturer, two prototypical
LPSDs have been made and preliminary test has been carried out.
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2. Design and fabrication of the LPSDs
The external cylindrical cathode of the LPSDs are made with stainless steel (Type 304) of 0.5 mm
thickness and 12 mm diameter. The internal surface of the cylinder is plated with nickel to reduce alpha
particles emissions from the cathode body material. The resistive anode is a 22 μm NiCr wire with resistance
of ∼ 8.5 kΩ. The stretched anode wire is connected to a spring-loaded device at the end of the tube in order
to maintain a proper tension. The total length is 1080 mm with a sensitive length of 1 m. The detectors were
ﬁlled with a gas mixture consisting of 3He (8 atm) and Ar (2 atm). Fig.1 shows the schematic assembly of
the detector.
Fig. 1. Schematic assembly of the LPSD.
The LPSD dimensions and the 3He gas pressure are important factors in determining the overall detector
eﬃciency. We chose a compromise of a moderate gas pressure for better coping with the rise time of the
pulse [2] yet without too much sacriﬁce of eﬃciency for detecting long-wavelength neutrons. For the LPSDs
we used (Φ12mm, 8 atm 3He), the calculated neutron detection eﬃciency is 95% at 5 Å and 55% at 1 Å.
As described in Ref.[3], 3He itself is not suﬃciently dense even at high pressures to stop the protons
and tritons from the 3He(n,p)3H reaction within a suﬃciently short distance to preserve a good spatial
resolution. The proton and triton ranges and charge-cloud centroid width for position-sensitive detector
(PSD) are reduced by adding the so-called stopping gases such as Ar, Kr, etc. The additive gas at a proper
concentration may also help maintain the appropriate range of proportional region and quench the ultraviolet
or visible light emitted from collisions between drifting electrons and gas molecules and to avoid breakdown
in the detector at high gas gain, as well as increasing the drift velocity and reduces the rise time of the output
pulse. However, addition of high Z gases has undesirable eﬀect of increasing the gamma eﬃciency. We
estimated, for the gas mixture of 3He (8 atm) + Ar (2 atm), the proton and triton ranges to be RP ≈ 3 mm
and RT ≈ 1 mm, respectively, using the SRIM calculation software [4].
The resistance of the anode wire is another important factor which has direct eﬀect on the position
resolution. The spatial resolution of a PSD-system assuming optimum ﬁltering depends mainly on the wire
resistance and the complex input impedance of both connected preamps. Lowering the wire resistance
increases the voltage noise thus favoring high wire resistance for high resolution and reduced noise [5]. As
a compromise between higher resistivity and mechanical strength, the typical wire resistance of 1-m long
LPSDs is between 4 kΩ and 13 kΩ.
3. Experiment and results
The pulse height spectra recorded for various operating voltage are shown in Fig.2. The measurements
were carried out using a 10 Ci Am-Be source (∼ 2× 107 n/s) moderated by a block of 60 cm thick graphite.
The signal is read out only from one end of the LPSD. The shaping time constant t is 1 μs and the ampliﬁ-
cation factor A is adjusted to make sure the signal amplitude is within the input range of the multi-channel
analyzer (MCA).
Ideally the total energy of the proton and triton particles from the 3He(n,p)3H reaction are deposited in
the gas, which results in the full-energy peak in the spectrum. When one or both of the two particles hit the
cathode wall, which is the so-called wall eﬀect, part of the particles’ energy will not contribute to the output
signals. At low bias voltage, the output signals will be reduced due to the recombination eﬀect of ion pairs,
which is especially conspicuous for the 3H particles because of it’s larger mass and lower speed. As the
bias voltage increased, the recombination eﬀect will be weakened. On the other hand, with increasing bias
voltage the large signals will be suppressed due to the onset of space charge. These combined factors will be
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Fig. 2. The pulse-height spectra of the LPSD at various operating bias. t is the shaping time constant and A the ampliﬁcation factor.
the possible reasons for the change of the spectra as bias voltage increase. For position measurement larger
gas gain is preferred because the spatial resolution dL/L by resistive charge division is inverse proportional
to the collected charge Qs [6]. Further adjustments of these operational parameters are needed to reach an
optimal result.
The position resolution is determined to a large extent by the charge-cloud centroid, lateral diﬀusion of
charge cloud, and the electronic noise. The experiment setup was shown in Fig.3. The detector was covered
by cadmium and a slit of 2 mm width was opened to the incident neutrons emitting from a 252Cf source
surrounded by borated wax. The source intensity is quite low, only ∼ 104 n/s.
Fig. 3. Experimental setup for position resolution measurement with 252Cf neutron source.
Measurements are taken using a generic data-acquisition system that was not optimized for the present
LPSDs. Signals from both ends of the PSD are fed to charge-sensitive pre-ampliﬁers followed by a shaping
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circuit. Then the amplitudes of the signals are sampled by ADC. If coincidence condition is satisﬁed the
position is calculated from the ratio of the signal amplitudes from both ends.
Xmeasure =
Q1
Q1 + Q2
L =
V1max
V1max + V2max
L (1)
Xtrue = kXmeasure + b (2)
There will be a linear relationship between the measured position and the true position [6]. For each
beam position, the measured position will have a gaussian distribution due to the background, diﬀusion of
charge cloud, system noise, etc, as shown in Fig.4. The position resolution, deﬁned as the FWHM of the
peak ﬁtted to the central shape component, is ∼ 13 mm at the middle and deteriorates to ∼ 18 mm at the
ends. The intensity proﬁle consists of a sharp peak and a broader background component. The latter is
presumably caused by inadequate collimation of the beam by the cadmium. Also the counts are not enough
to provide good statistics because of the low intensity source.
Fig. 4. Position resolution measured at the middle of the PSD.
The position linearity is obtained by scanning the PSD across the entire sensitive length. For each
measurement, the central value of the distribution is used as the measured position. Fig.5 shows a plot of
detector shift distance (true position) in centimeters versus measured position. The linearity is quite good
(R = 0.9996) and the slope A is reduced due to the extra resistance that is added to both sides [6].
Fig. 5. Position linearity plot for the PSD.
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Obviously, the quality of the experiment data can be improved by a more intense source, more pre-
cise beam deﬁnition by improving the cadmium shielding and source collimation, as well as an optimized
electronic and data-acquisition system. However, the results thus far are encouraging.
4. Summary
A prototype of the LPSDs intended for use on the SANS instrument at CPHS was constructed and
preliminary measurements were carried out to assess its performance. The linearity of the PSD is quite good
and the position resolution can be better quantiﬁed by an improved experimental setup. More measurements
using reﬁned electronic hardware and analysis methods are underway.
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